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EFFECT OF VARIOUS BIOCATALYZERS ON THE WATER-PERMEABILITY
OF PROTOPLASM

ollowing is a translation of an article by
ermann von Guttenberg and Anna Beythien of the

University of Rostock Botanical Institute,
Rostock, Germany, in the German-language publi-
cation Planta, Vol. 40, 1951, pages 36-39J

Submitted for publication 19 4ay 1951.

I. Introduction

The writers stated in an earlier work (Krtpelin 1945,
Von Guttenberg and Kr8pelin 1947) that the pulvinus of
Phaseolus Multiflorus carried out movements which corres-
pond to the normal nastic movements of such plants whenever
heteroauxin or growth factors of natural origin (from Avenap
for example) are applied externally to the plant or taken
in, internally. Possible explanations offered for this
behavior were: changes in the elastic or plastic proper-
ties of the membrane; changes in the pressure deficit or
suction tension of its contents or an effect on the water-
permeability of the pulvinus cells.

It was assumed for a long time by a number of auth-
ors (such as Von Overbeck 1926, SBding 1931, Heyn from 1931
onwards and Ruge 1937) that growth factors affected the mem-
brane directly. The reason which led one to hold firm so
long to such an improbable interpretation was the fact that
though changes were observed taking place in the protoplasm
and the cell sap, they always occurred only after a certain
period of time had elapsed, which was a great deal longer
than the reaction time of the growth process. Thus Fried-
rich (1936) did find an increase in sugars present on the
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under side of Relianthus shoots when stimulated geotropical-
ly and in this case enriched with growth factors, but this
did not make its appearance until after ' number of hours
had passed. According to Ruge, too, certain physiological
changes in the cells only occur a considerable period of
time subsequent to the growth reaction. More recently Ren-
ders (1942) demonstrated that there is an increase in res-
piration which sets in under the influence of growth fac-
tors and that this leads after a passage of a number of
hours and even after some days to an increase in osmotic
substance.

No tests had as yet been made by anyone to determine
what effect growth factors might have on protoplasm perme-
ability. Because of this we investigated in the above men-
tioned paper, the possibility that the water-permeability
of protoplasm might change under the influence of growth
factors. Vie selected the acceleration of deplasmolysis
time (Huber and HBflor 1930) as a measure of increased
water permeability. Since the pulvinus cells of the leaf
joint are poorly suited to such experiments, we selected
two well-proven s ibjects for our experiments, namely, the

epidermal cells of the lower leaf side of Rhoeo discolor
and of onion skins. An increase in water permeability
brought about by growth factors could then be proven valid
if the deplasmolysis tUr6 were decreased in such subjects
as compared with ,controls.

We did, in fact, discover the existence of such an

acceleration specifically upon utilizing heteroauxin or
concentrations of diffusate lying within known physiologi-
cal limits.

These investigations had to be broken off permature-
ly because of the events of 1945 (immediate aftermath of

World War II). The results attained appeared important
enough$ though, to prepare the way for taking the experi-
ments up again on a broad basis. The primary effect of the
growth factor, so long sought after, was discovered and it
was recognized that it concerned neither the protoplasm nor
the cell wall. Particularly important was the fact that
the protoplasm was affected in a very short time, thereby
explaining unusual speed with which heteroauxin carried out
its action as had also been reported shortly beforehand by
Sutter (1944) in her work. After our first report (Kr8pe-
lin 19W5) another paper by Koningeberger (197) appeared

establishing the existence of a temporary total inhibition
of deplaemolyesi on the part of heteroauxin lO- 7 and 10 " v



in isolated protoplasts of onion skins, lasting seven to
nine minutes; this Phenomenon will be dealt with further
later on in this paper. Ieldstra (194.) also seized upon
this concept and even dentified the growth factors as be-
ing regulators of protopl~sm permeability. Finally, Pohl
(1949) investigated the effect which growth factors have
on the elongation of coleoptiles. He found that the sudden
elongation of the calls requires an increase of from four
to six times in the cell's suction tension. This increase
cannot be attributed solely to the release of pressure by
the cell walls, since the latter amounts to only one-fourth
to one-tenth of the cell suction tension. On the other
hand, it has been brought to light particularly in investi-
gations by Ruge, that the suction tension of the cell con-
tents doei not increase during cell elongation but rather
decreases considerably. A further factor must therefore
be responsible for the rapid water uptake, and the question
arose as to whether an increase in permeability to water
might not be the cause. Later on several additional new
papers will be dealt with.

The part which follows describes the effects which
different growth stimulants and !nhibitors as well as other
agents have on the water permeability of protoplasm. Sup-
plementing this work we have also carried out tests with K+
and Ca++ ions, as had been done earlier particularly by
Fitting (1915), Gellhorn (1930) and deHaan (1935). Lastly,
growth stimulants ard inhibitors were combined and added in
the hope that the results of such experiments might enable
us to reach further conclusions as to the manner in which
these substances carry out their action.

II. Materials and Methods Used

Preliminary tests indicated that the violet epiderm-
al cells of Rhoeo discolor would prove most satisfactory as
test subjects. Here, too certain additional precautionary
measures had to be taken In order to be able to work with
material which could readily be compared. The epidermal
cells of the middle third of the leaf showed themselves of
equal value from the standpoint of osmosis. The leaf tip
and base showed large differences in osmotic properties.
The epidemial stApa were taken near the median portion of
the leaf and square surface cuts one to two mm. long on one
side were made with razor blade to remove pieces as thin as
possible. Each such piece comprised about 80 to 130 intact
cells. Test runs were carried out only on cells from the
same area so the condition of the protoplasts could be
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generally considered as identical. Each run of tests was
observed through a number of microscopes side by side in a
row. This ensured that the same temperatures and light in-
tensities would be present. These factors are important
because in accordance with our observations, we found that
differences or fluctuations in these factors cause the de-
plasmolysis times to change. Such times become longer with
lower temperatures and decreased illumination, particularly
in the evening, while an increase in temperatures brings
about consid~zable acceleration. These finding concord with
figures given by Derry (1930) who found that plasmolysis
time was shorter in Spiroyra the higher the temperature
rose. Since we were unable to keep the temperature and
light constant at all times we averaged the figures of the
sixth to tenth test runs of a single day and registered the
results in the tables. Along with the fluctuations in read-
ings caused by light and temperature, we discovered also the
existence of seasonal and climatic effects (for example,
erf ects induced by stormy weather). According to Fitting
(1919) and BIrlund (1929) plasmolysis, itself, does not
bring about any change in the protoplasm permeability of
Rhoeo.

Mannitol showed itself to be preferable as a medium
for plasmolysis, since the Rhoeo protoplast is not perme-
able to this substance. It was found in many endurance
tests that even after 40 hours duration in the mannitol sol-
ution, plasmolysis failed to recede. A 0.5 molar solution
of mannitol in distilled water served as a stock solution.
Plasmolysis was for the most part carried out with a 0.3
molar solution and deplasmolysis with a 0.2 molar solution.
The individual concentrations conformed to the osmotic pro-
perties of the particular Rhoeo epidermis being tested.
This was determined each time by determining the limit of
plasmolysic, using graduated mannitol solutions differing
from one another in 0.0025 mol steps.

In general the work was carried on with a number of
test runs simultaneously. Pure mannitol solutions were
used for the plasmolysis and deplasmolysis test runs on
controls. Both kinds of solutions of the agent to be test-
ed were used on the experimental runs, using graduated con-
trations. First the cut out pieces remained for 30 to 60
minutes in covered glass containers in the plasmolytic med-
ium. Then they were transferred into the deplasmolytic
medium using a platinum loop and were bathed in it there
for from two to five minutes to remove any remaining plas-
molytic medium. Subsequently they were placed on a hollow



ground slide with deplasmolytic medium under the microscope
and were left there for one minute in exposed droplets be-
fore starting the first counting. We then put it back in
the deplasmolyzing solution. This process was then repeat-
ed again at intervals of several minutes until just before
total deplasmolysis set in and the counting was done under
a cover glass supported by glass fragments. Thus the test
pieces were always fully washed and rinsed, were not cut
off from the air and the solution was protected against e-
vaporation.

At first we used the method of evaluation accoding
to Kaczmarek (1929), which was based on earlier results ob-
tained by Fitting (1915). In this method of calculation
all the violet cells in a single section are counted and
the number of plasmolyzed cells at the present stage of the
test is giv3n as a percentage of the total number of cells.
Tho numbers thorefore increase during the course of the
plasmolysis test up to 100, while during deplasmolysis they
decreqse until finally zero is reached, i.e., until all the
membrane's cells are again in contact vrith the membrane.
Later we used the more simple and vivid method of calcula-
tion described by dellaan (i935). The procedure used by
deHaan consists in defining the quotient resulting from the
deplasmolysis tine of the controls a Tk and the deplasmoly-
sis time of the test subjects = Tv. If Tk = Tv, then the
quotient is 1 and the solution being tested has no particu-
lar effect. The accelerated effect of a substance is indi-
cated by a quotient larger than 1 and the retarding effect
is shown by a quotient smaller than 1. The ahsolute times

of these tests corresponded to the earlier tests, i.e., the
deplasmolysis times of the controls fluctuated according to
the temperature between about 20 and 40 minutes. A lasting
inhibition of deplasmolysis is indicated in the tables by a
dash. These are those special cases in which the proto-
plasts never did return as far as the cell wall at all. A+

in tho tables means damage to or destruction of the proto-
plasts.

III. Test Results

a) Growth Factors

1. Heteroauxin. Be-ta-indolylacetic acid manufac-

tured by the Merck Co., Darmstadt, Germany, was used for the

tests with heteroauxin (abbreviated HA in the text which
follows). The substance was dissolved at 400C., was kept
in brown glass bottles in a cool place. The solutions were
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used no longer than three days because they soon began to
decompose (pale pink coloration). The concentrations of
HA given in the table are in grams per milliliter. Tests
were carried out between 1O-3 (one part in oqe thousand)
and 10 "- (one part in ten million). The 10 - concentration
brings about complete destruction of the protoplasts in a
short time, which will be reported on in greater detail
later on. It will suffice to mention here the fact that

the changes which were noted to take place in these tests
and in those which followed were not brought about by any
change in pH, but represent sjecific effects in themselves.
The pH value was first tested by Dr. H811 with the aid of
litmus paper having an accuracy of 0.2 pH. LRter on we used

an ionization gauge with quinhydrone elctrodes and an accur-

acy of pH 0.1. The detailed results of this investigation
will be reported in a subsequent paper. Tables 1 and 2
show the results of plasmolysis and deplasmolysis tests us-

ing the Kaczmarek system of evaluation. On lb June 1949
the hIA wPa added to the deplasmolytic medium only, he~ree the
plasmolytic medium did not contain HA. It will be noted in

table 1 that after 10 minutes in the control solution up-

wards of 45% of the cells were plasmolyzed and after 40 min-
utes all the protoplasts were again in contact with their

cell walls. Upon addition of HA one notod Pf-ha .0 minutee

between 104: and 10-7 an increas!i and finally a very pow-
erful inhibition of th3 entry of watep Into the cplls. If

we disregard the effects of concentrations of 10"4 and
greater, one fipds that such an inhibition is only 9 ransi-

tor. With 10 ", it still lasts a while, but at 10 and

10-7, i.e., in those concentrations, most significant from

a physiological standpeint, there is a sudden reversal.

The water now enters the cells so rapidly that at 10f all
rotoplasts reach their cell walls after only 20 minutes

fcompared with 40 for the controls). Thi' shows that the

water permeability of the protoplaste gre tly increases
within the range of ooncentrations of HA.
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Tabeile 1. (i
Deplasmolyse., )

16.6.49.

Z it O (Verauch mlt Heterosuxa (7)0 t ( ) ontrouf€;
Imin , 0- 10-6 1 10 "e  10"1

10 45 62 75 '80 88
15 28 50 50 13 •.
20 22 40 31 4 0
25 11 40 I 10 2
30 6 32 2 035 2 32 0
40 0 32

100 32

(a) Table 1; (b) Deplasmolysis; (c) Time min.;(d)
Controls; (o) Test with heteroauxin.

17.6. 49.Ta 
l2.(

zu '6I Veuuch mit Betuwonxn (A)Mal 061,0 ,-" 10-'10:

P ,-wnoCus),

2.5 i 71 35 80 I00 100
30 -.30 50O 9035 S5 80 i 100

De phiaom /
10 60 90 60 45
15 I:, 28
20 39 I s8 , 30 - 14
25 23 S5 16 3
27 850

30 13 85 9
35 11 84 4 0
40 9 k4 0
15 4 84
5O 0 84100, 84___._, 84

mubn r.- 'e . ,Umin 40min 35 in 27,min.

(a) Table 2; (b) Time min.; (c) Controls; (d) Test
with heteroauxin; (0) Plasmolysis; (f) Deplasmolysia;
(g) 100% deplamsolysis after...

Table 2 shows that these results may be readily ob-
tained consistently in subsequent experiments, i.e., they

are readily reproducible. In this test run, the HA had al-
ready oeen added to the plasmolytic agent beforehand. ihis
hold true with but few exceptions for all subsequent exper-
iments. The time required for deplamolyasa has been some-
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what shifted, while, in general, more time was required to

achieve complete deplasmulysis, but here again, upon addi-

tion of 10" HA, the deplasmolysis time was only about half

as long as in the controls. The inhibiticn of deplasmolysis
at the beginnin_, which was experienced in the earlier ex-

periments, is now absent. Tie reason for this was as men-

tioned above, that the RA had already been added to the

plasmolytic agent beforehand. In later experiments it was

also found that the initial inhibition only appeared when

the plasmolytic agent was free of HA. Table 2 also contains

data on plasmolysis. The protoplasts behaved alike up to

15 minutes in all solutions (excepting HA 10"4). In all
cr'pes there was a gradual withdrawal of the protoplasts.

Here, chen, the transitory inhibition by the HA did not make

its appearance. Very clearly distinguishable differences

already make themselves apparent after 15 minutes. While

711!' cf the contrpl ce)13 have undergone pl-jmolysis, those

treated with l0' and J0-7 HA have alreaady all undergone

plasmolysis. This promotion of the release of water from

the cells thus corresponds fully to the intake of water

which occurred during deplasmolysis.

The l05 concentration showed a considerably lower

effect in prompting the fluid transfer in both sets of

tests. HA 10-4 car"ies out an entirely different behavior

both in plasmolysis and deplasmolysis. In tae former one

notes at the start a very powerful inhibition of the release

of water, but this condition is only temporary, so that 100%

plasmolysis is reached at the same time as the controls.

There was also a powerful inhibitory effect during deplas-

molysis, which, however continued, with the result that man-

y of the protoplsts failed to reach the cell walls even

after 100 minutes. During the first set of tests 325 of the

cells remained permanently plasmolyzed and during the sec-

ond set, 8[V,. Before going into these phenomena in greater

detail, the results of the test runs will be given in keep-

ing with the deilaan mothod of evaluation, Table 3 contains

the Tk/Tv quotients for different HA concentrations. It is

clearly shown that the deplasmolysis times with HA 10-7 are
only half as lonr as those of the cpntrols; the average

valie is 2.04. The quotient at 10"' shifts to 1.50 and at

10- to 1.30. In this area, then, the acceleration gradu-

ally drops off. Concentrations of 10-3 still destroy'all

of the protoplasts; at 10-4 the same effect (+) does par-

tial'7 make Its appearance, or the protoplasts were no long-

er able to return to their cell walls (-). Only in the

tests carried out on 10 October did deplasmolysis take place

entirely, accompanied by a powerful iMibition of the water



intake, which expressed itself in a quotient of 0.41. Other
such tests in the same month were successful and are rgiven
in Table 20, below. The figures shlown there are 0.62, 0.44,
0.70 and 0.53. The inhibitions can always be observed to
take place, even when full dbplasmolysis takes place. We
were able to achieve this effect regularly o ly during the
month of October with a concentration of 10-4. Apparently,
then, the Rhoeo protoplasts are more resistant to HA at this
season than durinrr the summer months.

Tbclk 3. Helero,,txin. (a)

10 11 W. 1o-sI I l -

16i. 6.49 4- - 1,25 1,50 [ 2,08
17. 6.4) + + 1,55 1,75 0,00
I. 6.49 + 1,14 1,33 2,00
20. 6.49 + -- 1,36 1,53 2,16
2. 8.49 + - 1.25 1,43 1,85

13. 10.49 + 0,41 1.31 1.68 2,16

(a) Table 3 Heteroauxin.

It follos from the above that hical concen-
trations of lO ° ° and, particularly, 10-1, Increase 2ermaa-
bility t6 water. This effect drops off wfth Increase In
concentration and at 10"5 is only very slight. This behavi-
or requires an explanation, as does the transitory inhibi-
tion which occurs at the start of deplasmolysis (Table 1),
which was also observed by Kiningsbcrger (1947). The phe-
nomena which occur in the lJ- 0 IA solutions are at first
right particularly difficult to understand. It Is our wish
to attempt to give a unified explanation of the entire be-
havior as a whole in the portion of this raper which follows.
S do so, we deem it bess to start with the effects produced
by concentrations of 10 - ard 10 - .

HA 1o-3 causes the protoplasts to disintegrate. it
sould be noted that the peotoplnom of other plants is even
more sensitive to iHA. 1,,.ile with Rhoeo there is still iome
,erlod of ttime in }1A 10-J bofore t;-p-otoplasts dissolve,
all the ceils of onion skin epidermis, Helodea leaves and
Salvinia water leaves very quickly run out. Assuming that

the manner in which the protoplasts ara destroyed can en-
able ona to draw certain -onclusions about the mode of ac-
tion of 1A:A, we studied the process of deitrictlon in 1hoeo
and Alliim in greater detal. To this end we first pias-
lvze7-.-cells in Mannitol without any added IA. We then
observed such a process taking place in the deplasmolysis
which followed. After 10 to1 minutes the surfaces of the
free protoplasts start to show changes in both subjects.
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14ith Allium, broad capa form, having a foamy structure (Fig.
1, 3a7Thie foam bubbles soon become larger and during the
following 10 to 15 minutes they flow into one another (Fig.
I, 3b). The plasmalemma has therefore been dissolved, while
the tonoplast still remains intact for a while. After a
total period of 23 to 25 minutes, the tonoplast finally al-
so dissolves and the cell sap pours out into the cell cavi-
ty. No foamy caps appear in Rhoeo. In their stead, small,
light refracting droplets clui e-Tabout the outline of the
free protoplasm (Fig. 2, 3a). During the following 5 to 10
minutes these droplets cluster about the outline of the free
protoplasm (Fig. 2, 3b). After a total of 23 to 25 minutes
there also occurs here a step-by-step dissolution like the
one that takes place in Allium, with the droplets finally
remaining free of the cell wall (Fig. 2, 3c).
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Fil£. 1 -Allium epidermal cells. 1, Deplasmolysis
in mannitol soiuip;2a, b, the same with addition of
pqra~rbic acid 10-4; 3a. b. the same with addition of HA

I0 , /

/ /

Fig. 2 iRhoeo epidermal cells. la be progressive
deplasnolysis i- --itol soluto the same with tio oei
addition of' parasobic acid 10 -; 3a, b, , the same with

addition of IIA 10 -.

/t

The destnictiop of protoplasts herein described also
takes place in HA 10-"4- when the cells are in A state of
heightened sensitivity. At the same time we found in many
case where no destruction took place that rather the de-
plasmolysis aculd no longer completely take place so that

permanent plasmolysis had occurred Two possible explana-

tions can be found for this. One explanation is that of a

large increase in viscosity. The protoplasm's resistance



to the entrance of water would then be overcome as long as
the suction tension of the cell was still high. With swel-
ling of the protoplasts "he effective osmotic pressure would
then decrease and the suction could finally no longer over-
come the resistance of the protoplasm. This operates --
even if in a different way -- just as restrictingly as cell
wall pressure. Another explanation would consist in the
fact that in this case, too, one could already assume the
existence of a certain degree of injury to the protoplasm.
This would allow osmotic contents to be released during de-
plasmolysis and the halt in deplasmolysis would be attribu-
table to the isotonicity already achieved with the external
solution. In fact, one can achieve complete deplasmolysis
if the deplasmolytic agent is further thinned. This fact
alone, though, does not enable one to make any decision in
favor of one or the other of the two possibilities. We be-
lieve, however, that the first of the two alternatives sug-
gested is correct since we never saw any anthocyanin issue
forth; this is all the more so because, apparently, an in-
crease in viscosity and the destruction of the protoplasm
are entirely different processes. The former is a revers-
ible process, while the latter involves irreversible struc-
tural change s.

It is easy to understand that thp protoplasts are not
destroyed by tho plasmolysis in the 10"4 solution. During
plasmolysis, the tension of the protoplasm membrane decreas-
es, while during deplasmolysis it increases, and the proto-
plasts subjected to tension would understandably more read-
ily break down than those released from tension. Further-
more, the outwards flow of water associated with plasmoly-
sis at first keeps the biocatalyzer away from contact with
the protoplasm membrane, while inward flow, on the contrary,
brings such biocatalyzers in contact with the membrane.
This phenomenon should be borne in mind in all plasmolysis-
deplasmolysis investigations of this kind.

It is more difficult to understand the behavior of
the cells in the "physiological" concentrations of 10-5 to
10-7. We see that the increase-in permeability runs con-
trar to the concentration gradient. A concentrationo-?
iZ"'differs very little in its effect from the results
obtained with controls, but it would be quite impossible to-
assume that HA in this concentration remains as good as in-
effective.

The entire behavior becomes understandable at once
if one attributes a double action to HA. It has recently
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becona increasingly clear that HA only promotes growth when
it is present in intimate association with protoplasm.
This is particularly clear from the works of Geiger and
Sutter (1943) and Sut~er (1944). Cucumber hypocotyls which
are immersed in a 10-0 solution of HA will combine with
only a limited portion of the substance offered them. The
number of molecules which combine are in3ufficient by far
to covsr the entire surface area of the protoplasts. It
can therefore be assumed that only specific sites of reac-
tion are present in protoplasm, at which sites the substance
forms a bond. We may now assume that only the HA which has
formed a bond or combined with the protoplasm is able to
increase water permeability, while the free HA works against
the combined HA to decrease permeability and that too high
a concentration of free HA ends in destrp ying the proto-
plasm. The amount of free HA in the 1- solution predomi-
nates to such an extent that it brings about a condition of
powerful inhibition. With a concentration of 10.' the in-
hibition becomes weaker and approaches the point where it
almost equals the amount by which permeability is promoted,
achieving an almost equal balance or a compensating effect;
comparod with controls, only a slight promotion or favoring
of water intake exists at this point. With concentrations
of 10" and 10"7, the inhibitory effnct finally decreases
to such an extent that only the promotional effect remains,
reaching its maximum level. Such an effect could be of &
direct nature, but a large amount of data speaks for the
fact that it is of an indirect kind. One of us (Guttenberg
1942) has put forth in numerous papers the theory that the
effect of HA is not direct, but that it depends much more
on the fact that it frees the auxin combined with the pro-
toplasm by displacing it and thereby activates it. This
process has already been carried out during the first inter-
action with protoplasm by means of a displacement process.
The permeability promoting factor would no long r then be
the combined HA, itself, but rather the auxin !See Note7
thus freed by this process. This theory could perhaps-alsg
exi)lain the initial inhibition during deplasmolysis in 10'9
to 10-7 solutions during the first experiment (Table 1).
The added HA is first free and must consequently have the
effect of increasing viscosity. Only after several minutes
when it has gone into combination does its second, promo-
tional effect come to bear.

(Oote.7 Auxin is taken to mean both here and sub-
sequently tha? growth factor which demonstrates itself to
be acid resistant. There can hardly be any doubt that such
an agent does exist since numerous authors have found that
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plant extracts which were boiled with acids showed negative
curvatures in the Avena test or oat coleoptile test and a
corresponding behavTrin other tests. Thus recently Avery,
Berger, and White were able to extract both an acid resist-
ant and a lye-resistant growth stimulant from cabbage vari-
eties, both of which substances were found to be present
p~rtially in a free state and partially in combination.
Whether or not these acid resistant growth factors represent
auxin a and b described by K~gl or not will not be dealt
with here; as long as these substances remain unavailable
the question cannot be resolved one way or the other. When
the manuscript of this paper was already finished, a paper
by Reinert (1951) appeared in which HA was identified as
the growth stimulant for oat coleoptiles. This agrees with
earlier data by Wildman and Bonner (1948). In subsequent
investigations we also discovered a growth factor in ether
extracts of coleoptiles which is destroyed by acids and pea
enzymes, thus corresponding to HA. It would seem, though,
that the extracting agent is of great importance to the re-
sults obtained from such experiments. We will shortly re-
port on tests in which we obtained from the same material
in one case acid resistant growth factors by extraction with
alcohol and in the other case lye-resistant growth factors
by extraction with ether, wherein only the second of the two
substances was destroyed by pea enzymes. If the acid-resis-
tant enzymes have no connection with Kgl's auxin, then a
new possibility presents itself, namely, that there are two
modifications of HA, one which is acid-resistant and mi-
grates to the lower leaf base side and the other of which is
lye-resistant, being diffused to the opposite pole.)

Mention should also be made of neveral new papers
which appeared during the course of our work. Above all the
recent work of Koningsberger is significant. He worked with
isolated Allium-protoplasts (onion skin mesophyll) and used
glucose as a-asmolytic agent. He holds that it is import-
ant to isolate the cells, otherwise an absorption of the
biocatalyzers by the cell membrane would keep these substan-
ces away from the plasmalemma. We could raise the objection
that the solution is available in a sufficiently large sur-
plus to render this possibility hardly worth considering.
On the other hand there is always the danger that the proto-
plasts, in being isolated, will be damaged and, finally,
that the use of sucha method will never make available any
more than a few individual protoplasts for observation.
Koningsberger, like ourselves, noted the existence of a pow-
erful initial inhibition of deplasmolysis when he added HA
10- or 107". Swelling started afterwards, but it occurred
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more slowly than in the controls. In the end some of the
protoplasts were smaller, but others were much larger than
those of the controls. Koningberger, himself, spoke of his
results as being of a preliminary nature. On the other
hand, the number of cclls which were tested by us was so
large that we cannot have any doubt as to the correctness
of our findings. In addition, the most important fact to
Koningsberger was the proof that HA first affected the pro-
toplasm and not the cell wall. In many respects his own
thoughts agree with ours. Brauner and Hasman (1949) fur-
ther developed the results of investigations carried out by
Reinders (1942). They found that slices of potatoes and
other tubers and turnips showed a clear increase in water6
intake when HA was added in concentrations of lo5 to 10-6.
This fact was substantiated by Commoner et al (193), Over-
beek (1944) and Levitt (1948), in three papers which unfor-
tunately are unavailable to us at the moment. These authors
attempted to explain the water intake partially on the basis
of an increase in osmotic substance associated with an in-
crease in respiration. Lastly, Levitt looked upon an in-
crease in the plasticity of the cell wall as a cause. In
contrast, Brauner and Hasman found that HA lo05 and 10-0
made it easier for water to enter the tissues, which is en-
tirely in agreement with the above mentioned investigation
by Pohl (1949).

2. Avena growth stimulant. In our earlier testswith Phaseolus TMonrs, the diffusate from oat coleoptile
tips produced the same effect as HA. We now used an extract
made up in accordance with data -rovided by lAoewus (191 9)
for our plasmolysis tests. 10 mm. were cut off from the
tips of oat coleoptiles after they had reached a length of

to cm; a hundred of these tips weighed about 0.7 grams.
They we-%e then ground together with 10 ml. of twice-distil-
led water. and one drop of 10% acetic acid, using a mortar
and pestle. The extract was kept at 40C. in the dark for
a 21-hour period. We then filtered the extract and 7 ml.
were thus obtained. According to Moewus the filtrate thus
made up hgs the same effectiveness in the cress root teat
as HA 10-0. We further diuta ourw iltnate so that solu-
tions corresponding to HA 10( , 10- and 10-9 were made
ready. These concentrations are shown In Table i.
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Tabello 4. .4 vena -Wvchaedoj/.Qi

16. 1. .50 1.50 2,00 1.00
24.1.50 1,39 1,74 1,00
25.1.50 1,20 1,50 1,00

(a) Table 1 Avena Growth Factor

As is shown in Table 4, both the I0-7 and I0-8 con-
centrations had a favorable effect on deplasmoly~is, while
this effect disappeared in concntrations of 10-1. The max-
imum effect was achieved at 10-0. If one compares these
findings with the 11A tests (table 3), then one will see
that the comparable concentratigns which had previously been
calculated as equivalent to 10"u and 1-7 HA, are actually
more nearly equivalent to lO- and I0-OHA, respectively.
Apparently our filtrate was more concentrated than that pre-
pared by Moewus and it must have, in fact, corresponded to
an HA concentration of 10-5. The fact that coleoptile tip
extracts do aot always have the same concentration of growth
factors was also brought out later on as is shown in Table
22. In this case the relationship between Tk/Tv at concen-
trations of 10-7 averaged 1.15; at 10-8, though, it was
1.47. This cor~Espondu roughly to the HA concentrations
of 10-5 and 10" in Table 3, respectively.

Natural growth frotors obtained directly from plants,
therefore clearly accelerate the delasmolysis rate when ap-
plied in physiologicall- effective dilutions, thereby In-
creasing water permeabi5ity.

Also in the appl.oation of Avena growth factors we
came across the fact thbt the effec=Cvenesa increeses as the
concentration diminishei. Th s relationship has already
been known to exist for many blocatalyzers but to date it
has not been subjected to sufficient analysis. Here, too,
one comes closer to the truth if one asames that the sub-
stance has an inhibiting eff,,et along with its promoting
effect. In order that it maj carry out Its promoting a"
lion# molecular bonds must apparently be present at specific
sitos in the protoplasm. As long as thes. sites are ocou-
plod, the excess of active material has an inhibiting effect



at some other site. Vie were never able to observe the pre-
sence of any absolute inhibition utilizing Avena growth
factors. T'his thouigh, would only be attribuTae to the
fact that the high concentrations required to do so could
not be produced.

3. Phanylacetic Acid. Among the well-known syn-
thetic growth promoting agents, we unfortunately had only
phenylacetic acid available to us. It is soluble in water
in concentrations of 10-2. As is shown in Table 5, diluting
it to l0-5 clearly brings about an acceleration of deplas-
molysis. At this point it reaches a mximum and its poten-
cy corresp9nds approximately to HA 10 . In further dilu-
tion, (10-o, 10-7) phenylacetic acid remains without any
effect. It alsp seems to lose its effectiveness in concen-
trations of 10-, though it should again be assumed that
here, too, two different processes are compensating for one
another, namely one a growth promoting and the other a
growth inhibiting action. Hence, the next step to 10-3 al-
ready shows a clear inhibition of water intake. In concen-
trations of 10-2 the protoplasts are already destroyed with-
in two minutes. The cell sap becomes pink and runs out.

The behavior of the 10-3 concentration needs to be
described in still fuller detail. There is already a dif-
ference compared with the controls even during plasmolysis.

It is true that plasmolysis starts at the same time as it
does in the controls, but it takes place at a faster rate,
which did not occur with the other concentrations. Soon
afterwards it comes to a stop and 15 to 20 minutes later
the protoplasts dissolve, going through the same processes
as described for HA 10-5. In order to be able to study the
deplasmolysis, we plasmolyzed the piece cut out from the
leaf without any phenylacetic acid at first and placed it
in the deplasmolyzing agent. Here, too, the majority of
the protoplasts was destroyed, but in several cases we were
able to observe an inhibition of deplasmolysis lasting 10
to 20 minutes. This inhibition is shown in T&bl.,5.

Tala*W &. P~eiswumwirt)

.... 0 1 1.01 1.47 1 1,00 IM
a 0.70 1.0D 1.44 1.00 1.00

0.1 1.00 1.0 OD 1,00

(a) Table 5 Phenylacetic Acid

Within the next 3 to 5 minutest the protoplasts
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€*anded with great speed and they always burst upon impact
with the cell wall. Apparently, then, after 10 to 20 min-
utos the same damag was achieved as occurred imediately
unon use of the 10-- HA solution.

In using the Went Avena tept, no curvature was ob-
tained in agar using I0'3 and 1Q" phenylacetic acid solu-
tions, whereas with l0"- to o0- solutions, negative curva-
tures appear~d after_ to 2 hours. The absence of curva-
tures at 10J and 10 4 may be pointed to as the results of
compensatory effects. These concentrations should have led
to a positive curvature in test plants free of growth fac-
tors, but since the coleoptiles, themselves, contained
growth promoting substances, the effects could have canceled
each other out. The fact that even concentrations of 10-0
and 10-1 still gave negative angles may be explained, per-
haps, by the fact that, even though these concentrations
were ineffective during plasmolysis, their application had
the effect of summation instead of a counteracting effect.
It is also possible, too, that the coleoptiles are more sen-
sitive to phenylacetic acid than are the Rhoeo protoplasts.
Further confirmation is given by the faat-- maximum
growth promotion in the Avena test was also found to occur
at 10-5.

4. Colchicine. The effects of treatment with
colchicine resemble many of those induced by treatment with
ft. Thus the appearance of club-3haped roots has already
been known for a long time. According to Mairold (1943),
colchicine has an inhibiting effect qn the growth of lupine
rootc in concentratiops of about lO- to 5 x 10-4, while in
reater dilution (10 ") it h.s a growth-promoting action.
ore important for our study, though, is the fact that Mai-
rold, in working with Allium and Spirom , discovered a
shotning of plasmolys-s Tme ofInary treatment

with 0.4% colchicine. Wuissenback (1950) noted a sharp re-
duction in plasmolysis aid deplammolysis times in the sto-
mate mother cells of cotyledons treated by him with colohi-
*ie. He attributed this effect to a decrease in. viscosity.

I i .... e4 .9 ... o 1 1O4 1O6 1.00

Rdj0J0U 0 10. 4 OP 1.4 1.16 IAO 'm
3. 0. 0 00 1O 1.4A 1,4 1.0

(a) Table 6 Colchicine
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As is s-.own by Table 6, colchicine affects water per-
meability of prptoplasm just as growth factors do. Concen-
trations of 10-4 to 10-6 increasingly accelerate deplasmol-
ysis, while 10-3 brings about a definite inhibition and 1o7
remains without any effect whatever. Here, too, then, two
counteracting processes would seem to be present, one of
wh.ich perhaps consists in the activation of auxins. Our
findings therefore agree quite well with the results obtain-
od by airold. Reese (1950) noted an optimum stimulation
of longitudinal grovth of hypRcotyls (LeDidium, Petroselin-
un) in a concentration of 10-4; on the contrary, colchicine
1--2 has an inhibiting effect, as does 10-3 to some extent
on there subjects. Thus far his results agree both with
those of .a-.rold and our own. Unlike alrold, though, Reese
also found that both low and high concentrations (0.01%)
stimulated root grovwth; nor- was he able to bring about any
curvature with colchicine, neither by using the Avena test,
nor in Helianthus seedlings. He cDncludes from Eh's-that
colchiclno could have a final resuilt similar to that of
growth-proraoting a-ents, but that such an effect would be
brought about in an entirely different way. According to
his results one could not even consider the possibility of
any activation of auxins on the part of colchicine. Only
further investigations can finally decide whether his in-
terpretatlon is correct or not.

5. Vitamin C. Raads (19494 observed that Vita-
min C in concentrations of 10-5 to 10-f has a frowth-pro-
moting effect on colaoptiles; he attributes this to its ac-
tivation of auxin. We tt.ted the effect which this vitamin
had on water permeability, first using a sea buckthorn berry
or sallow thorn berry (Hippophag rhamnoides) extract, which
we vreuared in accordance with instructions given by Moewus
(1949). 15 grams of ripe berries were crushed with mortar
and pestle in 15 ml. of distilled water together with clean
sand. After removal by suction, 20 ml. of filtrate were
obtained. representing the starting solution. Upon dilution
in a 10:1 ratio, the concentrations shown in Table 7 tere
obtained. As one can see, the extract diluted to 10-1 used
in the tests partially destroys the protoplasts (+) and par-
tially prevents a complete return from plasmolysla (-). The
protoplasts uwderwent marked changes. They shqwed abnormal
contours and they behaved like those in EA 10- when being
destroyc t. The 10-2 concentration brings about a consider-
able delay in the return of the protoplas, while deplasmol-
ysai is, instead, promoteo by 10-3 to 10-> concentrations,
reaghin a maximum at 1O-. The effect disappears with

10-19
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ThIcllo 7. Stra.ddorabeercneziraki. (.)
I" - 

u-1 10- 4 10 - 4  
! 10- 10.-

2.10.49 z %,65 1,ao 1,8L 1,33 1,02

(a) Table 7 Sea Buckthorn Berry Extract

The high ascorbic acid content of sea buckthorn ber-
ries makes it probable that ascorbic acid is the agent re-.
sponslble for tho above described effect. On the strength
of thiz we proceeded to work with pure vitamin C. As a
starting solution we chose O.lN ascorbic acid, since this
solution had the same pH as the sea buckthorn berry extract.
The starting solution thus cont.ained a concentration of
1.76 x 10-2;the 1/10 dilution of this solution was made up
as usual, so the first step in dilution gave an ascorbic
acid content of about 10-3 grams per ml.

This concentration destroyed most protop asts after
only 2 to 4 minutes; the cell sap ran out. I0 to 1o-7
concentrations promoted deplasmolys9s, the maximum being in
the vicinity of l-. 104 and 10O showed results similar
to those observed in the controls (Table 8). One mupt a-
gain assume that two effects are taking place at 104, one
promoting and the o her inhibiting, which compensate each
ther, while at 10O no effect takes place because of too

great a dilution.

TbdI." 6. NIwin 0. (33
I W , I V, 10 1i 10

8.10. 49 + 1.02 1.46 1.38 1,19 1,06
121 M49 + 1.00 1.43 1,m 1,11 1.01
14 10.,9 -+ 1.10 1,G 1,* 1,10 i 1.00

(a) Table 8 Vitamin C

If we compare the sea buckthorn berry extract with
the pure vitarin C, then the extract concentrations of 10_4
and io-5 would correspond aproximately to vitamin C con-
centrations of 10-5 and 10-,, respectively. The extract
therefor., works nor3 weakly than t he vitamin concentrations
emnloyed, which is alto broujht out by the fact that in con-
centrations of 10-1 of the former the protoplasts are not
alwaya destroyed. It Is however also possible that the sea
buckthorn berry extract contains an additional inhibiting
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material, which appears as an antagonist to ascorbic acid
and minimizes its deleteriois effects. This would also ex-
plain the fact that 10-2 concentrations of the extract have
an inhibiting offect, which is absent in the pure solution.
Neither can tnc effect of using ascorbic acid be explained
by fluctuations in pF, because the pF changes only very
lit~tle over the range of the effective concentrations,
10-L to 1o7.

Our results comnare well with the results of 1Raadts
(199), since the coleontles investigated by him were aid-
ed in 7,' growth by lb-" to 13-7 concentrations which in-
duced an -'ncrease in water intake, whereas in our tests the
effect finally dropped off. Raadts observed a growth pro-
motional. effect during only the first 2- hours. After five
hours an Inhibitory effect set in which remained unchanged
for a long time thereafter.

b) Crowth In'hibtors.

1. Coumrin. Beldstra and Havinga (1943) found
in tests carried out on cress seeds that coumarin is a spe-
cific growth inhibiting agent having blastocholin-type pro-
perties. Even in a concentration of 10-3 to 10-4 coumarin
rrevented these sbids entirely from -erminating. About the
same time Kuhn and "erchel (193) showed that this substance
surpresses germination of the pollen tubes of Antirrhinm
xalus and that it inhibits rapfoduation of certan Znatria
a easts. ..nally, .oewus (1949) found that coumarin al-

so inhibits the longitudinal growth or elongation of cress

roots within the range of co ,,entrations between 10-3 and

I0 "o grams per ml. With the aid of the paste method Xojwus
aljo demonstrated inhibit on of oat coleoptiles; on appily-

ing concentrations of 10-' the coleoptiles underwent posi-
tive nastic movements.

Thoso results led us to test tr1e effect of coumarin

on v'ter permeabill.ty with the aid of our method. We car-
ried out the tests as before in our earlier tests, i.e., we
added the coumarin to mannitol solutions in a series of dif-
fe-ent concentrations. Nothing more need be said aoout be-
havic of the specimens during plasmolysis since they reac-
ted in the test solutions in the same way as in the control
solutions. Upon deplasmolysis, however, a bineral permea-
bility inhibiting action appeared as shown in Table 9. Af-

ter 5 minutes the inhibition of water intake Is very exten-
sive. 'Tile in the control cells only half of the cells
remain plasmolyzed, 8&, to 90% of those in the coumaz-in
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solution are still plasmolyzed. With further passage of
time it is found that in coumarin i0-3 the great majority
of protoplasts still have not reached the cell wall even
after 100 minutes, so that one might well, say that perma-
nent plasmolysis had set in. Even in 10". concentrations
it is a long time before all cells have been deplasmolyzed.
While all control cells have been deplasmolyzed after 37
minutes, 40% of the cells treated with coiunarin still re-
main p asmolyzed. The water intake occurs somewhat faster

in 10- coumarin solution. As can be seen, the range of
concentrations over which water permeability decreases

compares approximately with that noted by the other auth-

ors mentioned earlier in tests carried out by them.

20. 6. 49. Tabolle 9. Depl.mlyse..

main XO1010 0-1 10-4 =7 
-

.

mill 10-'

51 90 0 80
39 88 82 68

15 29 88 70 46
20 25 86 65 31
25 22 85 55 26
30 10 71 45 15
37 0 71 40 7
40 71 15 0
45 71 8

,0 0

100% Deplamo-. 
70

lysenach /r, 7 mi - 50min 40 min

(a) Table 9 Deplasmolysis; (b) Time min. (c) Con-
trols (d) Test with coumarin (e) 100% deplasmolysis after..

further tests wherein the Tk/Tv ration (deplasmoly-
sis time of controls divided by deplasmolysis time of test

subjects) was tested for gave the results shown in Table
10. Tne delay in deplasmolysis in coumarin 10-3 was very
large here. Nevertheless, all of the protoplasts finally
returned to their cell walls except in the tests parried
out on 10 June. Here, too, .he inhibition in iO" was
much more marked than in 10-> apd in certain cases there
was no inhibition at all in i0-); it was absent in all
cases on using 10 ooncentraions.
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Tabclle 10. Cumarin. (1)
ll 

j
10-1 0" 10"-

0,25 0,60 0,91 1,00
2 .. t' 0.23 6,66 1,00 1,00

0... .4., , 1,0021). 3..:, 0.33 C,-54 1.0~0 1,00

20. 6. 49 - 0,76 0,96 1,00

(a) Table 10 Coumarin

A very marked difference from HA and the other
growth promoting substances consists in the fact that no
reversal of effect takes place at any concentration and
that the inhibitory effect increases with increasing con-
centration. Coumarin therefore always carries out an in-
hibiting effect. It would seem that this substance brings
aboat an incroa . in viscosity the degree of which depends
on the concentration which, in the end, upon being too
greatly diluted, lails to take effect. If permament pl~a-
molysis set in during the first run of tests in the 10'-
solution, this can readily be explained in the same way as
the permanent plasmolysis on the occasion of the tests in
jiA I5-4.

If cournarin inhibits elongation, then, it can be
understood that the intake of water into the cells, which
is necessary of this process, is inhibited. On application
to one side as in the coleoptile experiment by Moewus, a
positive nastic movement must take place because the side
thus treated takes up less water into its cells than the
untreated side. Coumarin undoubtedly operates directly on
the protoplasm and not by way of ax.y deactivation of aux-
ins. It represents an independenti. acting antagonist as
is brought out in the compensation o-ts mentioned later
in this paper. Upon examining the results of Mcewus one
further finds that coumarin 16"3 inhibits the growth of
both roots and coleoptiles. On the other hand, irn the case
of auxin, it is known th t concentrations which inhibit
root growth (approx. 10- HA), promote the growth of cole-
optiles. Our observation that coumarin inhibits in all
concentrations renders the results of Moewus understandable.
If auxin were deactivated by coumarin, then one would ex-
pect to find an acceleration of root growth; the fact that
this does not occur is a further proof of the direct action
exercised by this substance.

2. Tomato Extract. According to Larsen (1939)
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tomatoes contain various germination and growth inhibiting
substances. This led us to investigate whether these sub-
stances modify deplasmolysis rates. Larsen had prepared
ether extracts from tomato juice, evaporating it until
almost dry. The resulting dark-red, greasy feeling mass
was taken up by him in lanolin and he tested this paste
on oat coleoptiles; using this he obtained positive nast-
ic movements or curvatures. We needed a water solution
for our plasmolysis investigation: though. We therefore
triturazed 100 grams of ripe tomatov... la ml. of dis-
tilled water- and drew the extract off through a .action
filter 24 hours later. The filtrate thus obtained was
concentrated ti 10 ml, and was used as our starting solu-
tion, "he 10- dilution (Table 11) brought about a very
clear inhibition of water intake. With a 10-2 dilution
there was already a sharp reduction in its action since
an inhibiting act on was observed to take place in only
one test run; 10-i had no effect. The tomato extract
therefore contains a water permeability reducing inhibitor
which is apparently effective only in relatively high con-
centration.

Tabolle i. Tomaeaezrakt(, t

10- 76

4.9.49 0,,53 0,66 1.00
6.9.40 0,43 00 1,00
7.9.49 0,50 1,00 1 1,00

(a) Table 11 Tomato Extract

According to Akkerman and Veldstra (1947) tomatoes
contain inhibiting ferulic and caffeic acids. We were
able to confirm this, but we discovered further non-acid
inhibitors, which, unlike ferulic and caffeic acids, in-
hibit the development of staphylococci.

3. 4-hydroxycoumarin. This chemical, so kindly
made available to us by Heidelberg, works as an inhibitor
in the cress root test according to Moewus (1949). Our
starting soiution made with warm water represented a dilu-
tion of 10 . This concentration completely inhibits do-
plasmolysis (perManent plsmolysis) or destroys the proto-
plasts. The lO-4 and 10"- dilutions slow down the water
intake with decrpasing effectiveness and the effect dis-
appears with 10" (Table 12). The inhibiting effect of
this substance during the cress root test takes place over
the same range of concentrations according to Mowus,
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Tabello 12. Bczt ,;jj;.'

10.--

22. 1. .". -r- O, 0,80 1,00
2:. ., 0,33 0,70 0,904. t) 0.3"; 0,71 9,98

(a) Table 12 4-hydroxycoumarin

4- Ferulic Acid. We also obtained the ferulic
acid from Heidelberg. It is found in Ferul Asafoetida
and in various conifers, as well as in other substances.
1e prepared a l10; starting solution by warming it in
._ter. This concentration (Tablp 13) shows a very power-
Lul inhibiting effect, while 10"- has a weaker inhibiting
effect. The effect disappears at 105 and 10-6. Ferulic
acid therefore demonstrates itself to be a typical in-
hibitor in deplasmolysis tests.

Tabdle 13. Ferulaa&ure.t )
i10 "  10--

0,. 0,69 i 1,00
21. i . -' 0,76 1,00
25. 11 49. 0.4. 0,77 1,00

(a) Table 13 Ferulic Acid

5. Parasorbic acid. Parasorbic acid is taken
from rowanberries and has an inhibiting affect on the ger-
mination of the seeds. In addition it also inhibits elon-
gation or longitudin l growth. Applied as a paste in a
concentration of 10"- it induces positive nastiC movements
in oat coleoptiles according to Moewus (1949).

To prepare a stock solution, one pars parasorbic
acid was dissolved in 10 parts water (= 10"). We obtain-
ed the acid through the kindness of Dr. Moewus from the
chemical stock of the Max Planck Institute for Medical
Research in Heidelberg and we wish again at this point to
express our sincere thanks to him for his assistance.

As can be seen from Table 14, parasorbic acid also
works as a typical inhibiting agent iz deplasmolysis tests.
In concentrations of 10-2 it destroys the protoplasts even
during plasmolysis after 20 to 25 minutes. First of all
small bubbles formed on the sharply contoured protoplast
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edge ( Fig. 2, 2). After 20 to 25 minutes have elapsed
-the protoplast suddenly bursts. In order to carry out
studies of deplasmolysis, then, the leaf cuttings had first
to be plasmolyzed without the addition of any parasorbic
acid. On transferring such l af sections into the deplas-
molysis medium containing !0 parasorbic acid, the proto-
plasts bur~t in any case after from 1 to 10 minutes.

Tabelle 14. Paraworbinsiiure. i';)

10' "i0 -  10-' 10-"

11.11.4 0,26 0,75 1,00
14. 11.4 -- 0,31 0,78 0,98
17.11.49 + 0,31 0,76 0,99

(a) Table 14 Parasorbic Acid

This destruction was investigated in detail in Alli-
um and Rhoee cells and was drawn (Fig. 1, 2 and 2, 2).
To]th suJe-ts begin to gather the bubbles mentioned above
along the edge of the protoplast 2 to 3 minutes after the
start of deplasmolysis. Compared with the small, round
microsomes visible during normal deplasmolysis, these are
very much enlarged, increased in number and flattened in
shape. The formation of caps noted in 10-3 HA with Allium
is entirely absent. In both subjects the bursting ta'es
place at a limited site of the protoplast, in that an open-
ing appears at the vertex of the protoplasm swelling where
the cell sap runs out; the tonoplast then slowly collapses
upon itself. The process of destruction is thus entirely
different from that undergone in HA. One gains the im-
pression that all in all we are not dealing here with any
dissolution of the protoplasm as occurs in HA, but rather
with an increase in viscosity which greatly decreases the
elastic flexi'bility of the protoplasm membrane. As already
mentioned, the destruction occurs much more rapidly during
deplasmolysis than during plasmolysis. This can readily
be explained by the fact that entering water Increases the
tension of the protoplasts, while the removal of rater in-
to the plasmolysis medium decreases the tension.

The 10-3 and 10-4 concentiations have a very power-
ful inhibiting action, while 10-; remains almost without
tjy effect at all. These results correspond well with
those obtained by Noewus (1949) on the effect of parasor-
bic acio on the growth of cress roots. There, too, with
the IV>) concentration the effect disappears$ on the other
hand 10"2 brings about a complete Inhibition of growth.
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Further tests were carried out with mountain ash
berry extract. This extract was prepared in the same way
as the sea buckthorn extract and gave the results shown in
Table 15.

Tabcllo 15. EbcredsenexLrak'.'. -X,

I i *O"10-" 10-' 10-'

27. 0. 49) 0,61 0,72 1,00
30. 9. 4.- 0,63 0,70 1,00

1.10.49 .. 0,62 0,71 1,00

(a) Table 15 Mountain Ash Berry Extract

in dilutions of 10-1 we obtained in all cases per-
manent plasmolysis, but never destruction of the proto-
plasm. Presumably here, too, additional oubstances pre-
sent in the extract work in antagonism and hence protect
the protoplasts as in the case of the sea buckthorn ex-
tract. In comparing Table 14 with Table 15, one should
note the Cact that in the former the concentrations are
given in grams per milliliter, while the figures in the
latter represent only the dilutiol. of the juices; the
figures, therefore, cannot be used for direct comparisons.

"1 6. Ethylene. As is known from numerous inves-
tigations, ethylene exercises highly diversified effects
on the growth and developmcnt of plants. Investigations
of germination and gemmation (seeds, leaf buds, potatoes,
etc:) with ethylene were observed producing for the most
part a growth stimulating effect, but under certain cir-
cumstanceS, an inhibiting effect was produced, depending
on concentration and duration of action. Elongation on
the other hand f'as always more or less inhibited, but the
degree of inhibition depended less on the dosage of ethy-
lene applied than on the plant's sensitivity to this sub-
stance. Thus, for example, the budding shoots of legumens
and crucifers are very powerfully inhibited, while Hellan-
thus hypocotyls are less inhibited and ooleoptiles least

Ioi. Ethylene's effect is undoubtedly the result of a
complex process also because among other things it very
powerfully affects respira-ion. Von Guttenberg and Stein-
Mets (194?7) recently found that ethylene deactivates auxin
(but not R.), since it brings about an irreversible block-
ing of this substance. Earlier Von Guttenbsrg had expres-
sod the opinion (1936) that even the suppression of gee-
tropism occurring in the so-called horizontal nutation de-
pends on a loss of auxin. The striking thickening of the
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bud aprouts wo--< be explained if one assumed that inhibit-
ors bonded lcally up to that time would be liberated by
increased per.eability. In fact, the amount of inhibitors
contained in those sprouts whichreact sensitively to ethy-
lene (for example legumens)is great, while it is very small
in the coleoptiles whichreact hardly at all, while in Heli-
anthus it is intermediate in amount. It seemed to us
an inrettigation of the question of water permeability
might aid in further clarifying the question of the effect
of ethylene.

The starting solution was prepared in accordance
with Ruge's instructions (1947) as follows: Coal gas
containing tthylone waz slowly fed through 100 ml. of tap
water at 17 C. for 30 minutes. This solution was consid-
ered as being saturated and accordingly it contained
0.0158 grams of ethylene accordingto Landolt-BBrnstein.
Concentrations of from 10-1 to 10 were then prepared by
harther dilutions. According to Ruge, ethylene is the on-
ly physiologically active component of coal gas. The con-
centrations shov. in Table 16 are those correoponding dir-
ectly with those of Rue. In reality our 10- solution
corresponds to an absolute concentration of 1.58 z 10!
grams per milliliter.

Tabello 16. AlAyURx. ?

10. 40 0.W 1,M7 14 -LO

10..1684 1.66 1.5 I 15 206 1,10
.9 l ZSO 12.08 1.00

(a) Table 16 Ethylene

As Is shown in Table 16, ethylene has the offect of
increasing permeability in all the concentrations tested,

with m4ximum .'feotiveness occurring in the neighbornood
of 10" Jto 10. Only on reaching a concentration of 10
(a 10-9 grams per milliltter) does the offect disappear.
it is important that 10- L also still favors the intake of
water and that at no place does any reversal into an actual
inhibition take place. The fact that ruge observed an ao-
celoration of germination at this concentration, even if
only slight, agrees well with Qur findings. In his tests
the concentrations between 10-3 and 10"6 causod a consider-
able increase in speed of gerwination, but had less effect
on Increasing the power to germina e, He, therefore, looks
on ethylene not so nowk as a germination inducing agent as
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a germination accelerating agent. We now presume that the
acceleration which was observed was brought about by an in-
crease in water perrwability.

Since we also were unable to bring about any inhibi-
tion using ethylene saturated water, we tested to see whe-
ther it would occur if one prolonged the duration of the
,affect. We therefore left leaf cuttings in ethylene satu-
rated water for up to 70 hours. Subsequent plasmolysis and
depl&smolysis though resulted in a deplasmolysis time which
was still always shorter than that of the controls. Ethy-
lene's effect on protoplasm is therefore undoubtedly the
result of an entirely specific activity. One can hardly
conceive here of any liberation of auxin as we had assumed
for HA; ethylene rather blocks auxin as stated above and
inhibits growth. The increase in permeability mentioned
here could, however, lead to an unregulated dissemination
of inhibitors and in this way bring about the striking
growth inhibition. Tests are underway to clarify this
question.

Our ethylene experiments are also of interest be-
cause of the fact that they teach that not every increase
in permaability is neccosearily responded to by an acoeler-
ation of growth. This corroborates the assumption that al-
so in the case of growth promoting substances the Increass
in water permeability is not the only observable effect,
but instead only the first of these, in the process of el-
ongation. The correctness of this point of view is also
supported by the combined experiment using ethylene + BA,
which will be deJit with further on.

c) Other 3 iocatalzers

inves3igations were made on other biocatalysers due
to their general, overall importance, specifically, pen-
oillin and the weed-killer or herbicide, 2, L-diohioren-
oxyacetic acid, to determine their effect on protoplms
permeability.

1. Penicillin. Penicillin, in its calcium salt
form was dissolvo I ater to give a solution containing
50,QOO unit per ml. None of the dilutions tested from
I0 " 4 to I02 showed any effect on deplasmolysis time. Thus
penicillin does not affect the water Intake of the proto-
plaits. The mechanism of action of this substance must
then be of a kind entirely different from any of the hither-
to desoribed materials. Growth inhibition produce.d in corn
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roots by Bein, Signer and Schopfer (1947) using penicillin
was not attributed by the authors to the penicillin, but
rather to HA, which accompanied the penicillin as a meta-
bolic end product of the fungus.

2. 2. 4-dichlorhenoxyacetic Acid Sodium Salt.
The startin3 solution containing 0-3 was prepared by
warming sodium 2, 4-dichlorphenoxyacetate in distilled wa-
ter. The low water-solubility of the substance did not
permit us to prepare any higher concentrations. It showed
no effect on the deplasmolysis of Rhoeo prot9plasts over
the range of concentrations from I0" o 10-0 . Since the
destructive effects of the sodium salt of 2, 4-dichlorphen-
oxacetic acid were particularly noted occurring with cru-
cifer weeds, while monocotyledons remained more or less
spared, it could be thought that Rhoeo did not represent
a suitable subject for carrying out the tests. We there-
fore used epidermal tissues from red cabbage for further
tests as they can readily be used for daplasmolysis exper-
iments. The results were again negative, though, and we
noted only a change in color of the red cabbage cuttings
from red-blue to blue-violet. According to the results of
foreign investigators, which were only available in book
reviews, the sodium salt of 2, 4-diohlorphenoxyacetio acid
carries out its effect inside the cells, for example, by
mobilizing carbohydrates or in nitrogen metabolism. These
effects coulc be independent of permeability. hlso the
sodium salts of 2, 4, 5-trichlorphenoxyacetic and skatosul-
fonic acids showed themselves to be ineffective in our
tests.

d) Potassium and Cal.uiun.

To further siuplement our investigations, we also
studied the effect of one monovalent and one bivalent ca-
tion on the water-permeability of our tsst subject. This
was done in particular because we wished to utilise cations
as antagonists to various active agents. Starting solu-
tions used were N KCl and X C#C1 2 , both of which were then
diluted in 1:10 steps. A 10-1 solution therefore corres-
ponded to a 0.1 N solution.

Calcium (Table 17) demonstrated th2 expecte4 Inhibi-
tory action on1y in concentrations of 10 - and 10-1, the
effect being only weakl.y amplified in the second case. At
a concentration of 10-- a reversal takes place In that there
Is a weak, but distinct stimulation- 104 was comparable
with the results in the controls.
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Tabelle 17. Cafrimchlord. Oi)
i°- lt ~Ii-' O J i 1 -

;o... , 1,14 ,1,00•. .-4.j 1,14 U ,S 0 ,,1.00
5. ..; , 1,21 (0.3 0.71 1,00

90,9 1,00

(a) Table 17 Calcium Chloride

Using potassium (Table 18), gne observed an acceler-
ation of the water intake from 10") up to 10, w ere it
reaches a peak, suddenly ceasing altogether at I0- . With
potassiim no reversal of effect takes place in stronger
concentrations.

Tabelle 18. Aliumddorid. ,

10 1 10 4 1 t' 0-1

Io * ,).-,J 1.00 1.(A) 1.11 ..:;.3 IAo1
!I !. :J 1.00 1,6t ;10 i.; 1 , 1.; it 10
14.!J 41 .(O 1,N) 1,10 1.22 I :,, .s3 i.,b
,.".., 1.00 1,00 I'll I'll 1.4-1 1.611 1~
:T ... O 1,00 1,00 1A. ,

"-  
1,2.

0  
1..54 , 1,f

(a) Table 18 Potassium Chloride

T',. results of our tests agroe well in principle
with tho-o obtained by Do Haan (1935). No direct compari-
son cn be nade because Do Haan worked with calcium and
potassiuw nitrates instead of ohlorides, since he also
used Cepa as his tet subject and suCar-cane as his
plasmo sm's --- TeiUnm. T. inibition which he found induced
by Ca4*+ ions in the 10+' concentration was somewhat loss
than ours, while his K ions already carried out a promot-
Ing action in concentrations of 10-1. De Haan also men-
tions the fact that in certain conditions the salt concen-
tration can be determining factor a3 to whether the solu-
tion will have a swelling or a shrinking effect. We then
investigated whether pota.sium's permeability heightening
effect would lead to curvatures or nastic movements in
ient's Avena test. In reality, oat coleoptiles were ob-
ser ed --- going negative nast*c movements when we used
10 and 10-0  C1 in agar; in the latter of the two oases
the effect was larger, which agre. with the results of
our deplasmolysis tets. With 10"6 the curvature started



I

to take place aftor an hour, while vith lo-5 it did not
become apparent until afVer two hours had passed.

The fact that alkali salts can p-romote growth on
one hand :.nd inhibit i on the ozher hond has a:-eady been
demonstrated by Borris (1937, 1939). Snergula arvensis
and Silene coeli-:-osa hypocotyls undert:ent in some cases
more than 0 rowth cccoration in 1- and Na salt solu-
tIons, while CaCl 2 inhibited elongation.

e) Tests UsinZ Various Arents i.- Combination

The following porticn of this paper reports the
results of experiments carried out with various agents in
combination. As we already noted, the-- wore carried out
in the hope that the results would h6lp give a clearer in-
sight into the mechanism of action of the various substan-
c e

1. Potaszium Calcium. First of all we tested
KCI and CaO12 indiidu--Yy -again in order to obtain eiaot-
ly comparable figures. KCI in a concentration of 10-0
again promoted maximum water intake with the quotients
D = 1.65; CaCli in a concentration of io-3 gave the most
powerful inhib tory effect with D = 0.50. We then mixed
equal quantities of these two solutions and added the mix-
ture to the mannitol solutions.

According to the individual resalts, one would have
expected that there would still have been an inhibition;
this would follow because the Ca had inhibited considerab-
ly more than K had promoted. If we select as an example a
deplatmoiysis time for the controls of 20 minutes, then
this t.me would have been 12 minutes for K (20:12=1.66),
and for Ca 40 minutes (20:4000.5). In the first case an
acceleration of 6 minutes occured and in the second a
delay or 20 minates. Thus on being mixed together a delay
of 12 minu-6a would result, wheroas (Table 19) complete
compensation took place instead. Thir Is all the more
striking since the K was administered in r much more dilu-
ted form th.n the Ca. This predominance of the promoting
effect will be further dealt with and considered more in
detail in connection with other tests of various agents in
coambination.
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Tali.;iJ i. KUl 10 4 + CacilO-3 .'

XCI 10 -  CsiCl, 10 -  =1.e 10- + CaCI, 10"8

1. 10. .. 1,60 0,50 1,00
: 0. .. j 1,6( 0,52 1,00
6. 10. .19 1,C0 0,47 1,14
7. 10..9 1,71 0,52. 1,03

(a) Tab-e 19 KC1 10- 6 + CaCl 2 10-3

The physiological antagonism between the ions of
._kali zalts and alkaline earth salts has been extensive-

i.r. x 3tiated in model tests (Hbber 1924, and accompany-
ing bibliography). Here, too, it was found that the effects
of salts in tests on mixtures did not simply add to. one
.nother, but that rather specific and different concentra-
tions of both substances cancel each other out in their
effceztivoness, for example, in the swelling of gelatin or
on the surface tenision of lecithin sols.

2. Potassium + Heteroauxin. We again tested
both substances iid al1 d obtained a quotient
D = 1,76 with 10-0 HC1. We used heteroauxil as an antago-
nist in the inhibitinq concentration of 10"n, which at this
time of year, in October, does not destroy protoplasts, but
Zives an average inhibition of 0.57. Here, too, then, in-
>ib-. tion was considorably more powerful than growth promo-
,'.on. On applying them simultaneously, extensive compen-
sation took Alace; the average quotient was 1.12 (Table 20).
The promotional effcct of potassium therefore counteracted
the more powerful inhibiting effect of HA more than was to
be expected.

Tabelle 20. KC110- a' nd lidecroauxint, 1".( )

XCI 10-- H.A. 10-4 C1 10" + ILA. 10-

5.10.49 170 0,2 1,20
18.10.49 2,00 0,44 I 1,00
19. 10. 49 1,75 0,70 1,10
21.10.40 1,60 0,53 1,18

(a) Table 20 KCZ 10-6 and Heteroauxin l0 " 4

In principle, this is the same result as we experi-
enced with the K + Ca combination. In the absence of more
detailed knowledge of the structure of the protoplasm, it
is impossible to give any certain explanation of the
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phenomenon. . lil:o to add to our observations
those of Goi:7oz-Suttor (1943) and Sutteer (1944) mentioned
previously.. according to which the HA in greatly diluted
solutions foi-,is a bond at some specific reaction site in
the protoplasm and only then does it operate to promote
water intake. We have in addition assumed, though, that
free HA has a harm ,'ul effoct so that the protoplasm's per-
meability is forfeited. if this free HA and the K were to
carry out the actions at different sites, then one could
expect a simple snrfmation of the effects to take place;
then HA at its sites would further inhibit, and in the same
way K at its sites would further promote water intake.
But since no s=niation occurs, but rather the K almost
compensates for the inhibiting effect of the HA, one may
assume that they both operate at the same site and mutual-
ly influence one another in their operation. One may well
conclude from the overall results that applications of
potassium counteract the harmful effects of high concentra-
tions of HA.

3. Counaarin + Heteroauxin. 10-7 HA gave a very
moderate acceleration D = 1.25 T e 21) in the individual
tests, with only one exception. The tests were carried
out in March, so the low figure is presumably conditioned
by the season of the year. 1O-4 coumarin, on the other
hand, gave the particularly strong inhibition of D = 0.44.
The fact that in combination the inhibiting effect should
predominate should be less of a surprise, then, than the
fact that it predominated so little. Here again, then, we
find that the promoting effect gets the better of the in-
hibiting effect. On the whole, then, one finds as a re-
sult of the tests that coumarin and HA act as antagc-nists
and one can again assuie that they do not carry out their
actions independently of one another at different sites,
but that they operate at the same site.

'.'Thtii 21. Cuma,i'n 10-4 und Ileteroauxi , 10-7' )

1..\. lu-' Cur. 10-  I Cum. 10' + II.A. 10'

•22. -j!) ,28 0,42 0,90
27. 3. 49 1,25 0,50 1,00
28.3.49 1,75 0,40 0,00
29. 3. 49 1,25 0,44 0,80

(a) Table 21 Coumarin 10"4 and Heteroauxin 10-7

Moewus (1949) also discoverod an antagonism between
HA and coumarin in the cress root test. He first investi-
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gated ttve root growth in separate solutions and then in
com'bined solutions and com~pared the results with the growth
Of' co-.zro.S inZ- para uateL H~is teat runs on 8 Mvay 1947,

l osho tha-t cou,.arin 0.5 --i D-5 (inhibitin-
2E-- o%5 ; :. 10-9 (prom~otion + 3%) mixed

-vow'0h : h'ion of -15%4 Ths result
4Zto L~zone ,:'ould hav, calcu.lat-ed. No

~ c* :' ou:' investigations,
as nuaLor-d D-a "Zo o tho co:4,3ete difference in

r r.at-o t1 . 4-, zi dii'e~c 6 res7ults sh oul d be no surprise,
Wetszz only 6he Drnr ff'oat of' tea biocatalyzers on

~ ~1, wi!6 Xoeuns stu d iad tegrowth process of

b_ I-X ri + For this
.: ue-i he c.eDscribca oC-coleoPti3.e

e~c.-acz ze d,:;-.-ea3 of c.-lutfon should -*!so be understood
n t.3 wt -& s in. the. earir Avoraa tests. We tested
tnd k(nE..txx-:.COZ'Ls, 111=.", 7 10- h~yvi-E, an of fect D = 1.15

id-~ D = 1.47. T', c o.,; .rin solut or, -rave an iLn-
of -D 0 .58; tihe Iat~ was thus considerably

more powa--ful than the f~;r

-W;e coi at.-b~ on of courm'in with the lecs po,.orful-
--y -ffectIva 10-1 conon-z2tio- Tb!G 22) resultcd, ac-
cordingly, in a dista'nct iz>Ahbi tion. A. ajaigst this we
f1ound tha- on conabiningth cou-.:arijn with '0- e"tract
this w.:s no lonl-ar the as-s; ranra co-zplete cornpoflsa-
tory aiotion tac1: place:. We th&-oeaain -Lind tht there
is no si,> :.iation of the b ut tChat rather-the
growth-pro, -ozi:- , Substuanco preva-ils. T2hus that which we
had ca-rdout ear'ier wa.3 vali6d boec., too.

A. 10-1 A. 10-1 Cuiai. 10-1 A. 10- *,- Cum. 10-"A. 10- + CUMu 10'

~ . w 1,11 ],2 0,5.5 0,77 1,02.
;. ... 1,20 1,56 t),553 0,77 1,00

].2 ~)1,43 0,64 1,03

(a) T2 ble 22 Avena Growth Factor (A) l0-7, 10-8 +

5~. Ethvlene + ~- eou:n nan earlier inves-
t1Agat on (Gt--nl"'~gad6ti-t 19147),* we f ound that
etnyor..e deactivates the plant's own auxin by a kind of
blockin- affect, while heteroau:,i.n or JHA remains unaffected
by it. It was therefore oonsido :,od to be of~ interest to
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combine these two substanc .s and test them; in so doing HA
was tested once in the 10"4 inhibiting concentration and
once in the 10-7 promoting concentration. Our earlier re-
sults enabled us to conclude that the inhibition occurring

in higher concentrtiols is a purely HA effect, but that
the promotional effc.t is attributable to activated auxin;
if the auxin is blocked by ethylene, then its effect will
be absent.

We therefcre fis combined 10-3 othylene having the
powerful .c:loti:na ofI'ct 2.20 with 10-4 HA, having a
Tk/Tv ratio oz* 0.5 ";and, therofore, hiZhly bibtc
(Table 23). The figure obtained by niiiz them was 1.10;
this weak promotion corresponds approxirnately to the rela-
tionship betw:een the effects of the substances which wero
used. Ethylcno therpby copletely overcomes the inhibition
brought about by 10-4 E. Here, then, iL a case in which
one can assume that each of the two substances carries out
its function at a different site or works in an entirely
different manner; in such a case, then, as previously men-
tioned, one would expect a simple surmation of the effects.

'Tabelic 23. tkylea 10-3 + leteroauxi& 10-4. /

A. 10 II.A. 10
-
1 A. 10

-
2 + 11.A. 10

"

12. 10. 0 2,20 0,57 1,10

(a) Table 23 Ethylene 10-3 + Heteroauxin io-4

We then combined the promoting HA concentration,
. 7, which gave a quotient of 1.91 in this case with 10-3
ethylene, whose quotient wa- 2.17. A surmation of both
these effects would have brought about an extraoridnary
acceleration of the water intake. In reality, though, it
proved considerably lesL, relatively, being 2.62 (Table 24).
This is in complete agreement with our interpretation that
the promoting action of HA depends on a.uxin activation.
Such an activation could only have partially taken place,
here, since, as pointed out above, the auxin is largely
deactivated by ethylene.

TabCle 24. T17,ot, i0-3 + ] el .,,,a Xl 10-'.
! ,A.l0

- ' II.A. 10-: j A. 10-8 + II.A. 10"

13. 10.40 2,17 1,01 2,62

(a) Table 24 Ethylene Io-3 + Heteroauxin I0-7
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E~j~(19.5)appliod K1 in a 0.02 mol solution to
AostcG-a Ol-.. 'to -erin bud.- in a culture substrate and

subjoc-,;cd thoi .i'-ultanoously to an ethylene atmosphere.
Tho inh'aLbtfon -6n hypoCo- .yl -rowth induced by the ethylene
w:as a~tl roduced by thz effet of tile potassium.- There
w..as po :or*'-± rJative pronotion off growth, which actually
rerna-In,:c 13.s than the absol~ute amount off growth in plants
not su etto the gas when potGassium is added. From this
one cam also cornclud that the effec-.'ts off ethylene and po-
._ss,=r anre o-1 -, tiely di.ffforen*G naturens. To this extent

zh~e -&zt n cc-lb nation als-o correspond to the behavior
obselrved in pla:snoy~is tests i.:hen HA is added to -,solutions
Go2 e-C..Iene in wateGr. Borris also studied the behavior

of hypo coty's La ethylene after the cotyledons had been
.Iovcd In this case the inhibiting effect off the gas
wl~ shar-ply reduced. Entirely similar resuts were obtain-
ce_ by Borgstr~m (1939) %t-.th other dicotyledonous germ buds*
This behavior would in our opinion be ex:pl ainable,'-'n the
')~ llowing manner-: The cotyledons supply both growth-pro-

i.. tinig and growth-inhibiting substances. Ethylene deoreas-
, s thoe fffect off the fformer, while the latter remain unaf-.
'%acted,, They thereffore flow throughout the entire plant
and into the hy-pocotyl7 from the cotyledons, while if the
cotyledon,. are removed they will be absent.

SU MARY OF RZESULTES

The task oZ' the investigation was to study the ef-
fects which various biocata2yzers have on the water perme-
ability off protoplasn. Violet epidermal cells from the
underlealf of Rhooo were used as the subjects of our experi-
mrents. The accolaration or inhibition off water intake was
measured with the aid of the de-olasmolysis time method. We
used mannitol as a plasmolysis medium, as the protoplasts
are impormeable to this substance. In most eased.% a 0.3
nmolar solution was used for plasraolysis and a 0.2 molar
solution for deplasmolyais. The various active substances
to be tested were added to these solutions; their:' osmotic
presiures wore unaffected, sincei the concentrations of bio-
catalyzers added were so small. A paper to fo'~low will
show that all effects oboerved were due not to any .changes
in pH, but were, instead, off a specific nature.

First off all substances which promote longitudinal
growth or elongation were tested. above all heteroauzin,.
oat coleoptile extract Eaid phenylacetic acid. as well s
colchicine and vitamin C. HA in concentrations of 104 to
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i0-7 shortens the d~plasmolyuis time with increased dilu-
tion so that at 10-1 the deplasmolysis occurs in only about
half the time as in controls, Over this range of concen-
trations, then, HA increases water pomeabilityo A sudden
reversal of effect takes place at lOW and a very powerful
inhibition occurs, which is shown by a prolongation of do-
plasmolysis time to about twice that of controls (Fig. 3).
Many sells now show peimanent plasmolysis as a result of
damage, while others are destroyed, This destruction#
which consists in a dissolution of the protoplats, alwaystakes place with concentrations of 103 RAO

i- a a
2

do Koietnn .r[l undo

(a) Fig- 3 - Curves showing the effects of HA in
different concentrations; data represents deplasmolysie
fimes using the Kaamrek method (Figures In left-hand
column represent percentages)*

The following hypothesis was established as a gener-
al explanation of the overall behavior. Pre HA Increas-

es viscosity, iohibits the Intake of wateran In concen-
trations of lO'3 destroys the protoplasm. On the other
hand, bonded L increases permeability to water either be-
cause it liberates auxin bl displiolng it, or because it
turns itself into auxin, Both processes overlap one anoth-
ere In concentrations of 10A the effect of the auxin is
entirely overlapped b. the poiorful inhibiting action of
the free Rh. The 10-2 coneentration shoes a slightly pro-
aotin effert, which depends an the tait that the Inilbl-
ti~onby hItA is Miri retuoed. In ooneentrations of 10o

ly the perumib-lity-hightening effect
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predominates and the inhibition disappers.

Oat coleoptile extract promotes water intak, in
concentrations which are comparable to the HA 10.> to 10-7
concentrations.

Phenylacetic acid increases water permeability less
than. the above two mentioned growth factorp; its optimum
effectiveness is in the neighborhood of 10-. As in the
case of HA, there is a reversal in the substance's actiop
at lO-3, where it has an inhibitory effect, while at 1029
it i'ss no effect at all. Thus the explanation given for
HA may also be valid here, too. Colchicin behaves simi-
larly. It propotes the maximum water intake in a concen-
tration of 10 ', while in 10-37a powerful inhibition sets
in. Ascorbic acid also acts i the samq way. Its maximum
promoting effect lies near 10*-; in l0-Jthe protoplasm is
destroyed. The grqwth promoting effect disappears both
at 10-4 and at 10 " , We were unable to discover any in-
hibitory action in the pure acid, but we did find such ac-
tion present in sea buckthorn berry extract 10-2, which
behaves similarly otherwise.

It is common to all growth factors that they in-
crease water permeability in specific dilutions (Fig. 4).
With the exception of auxins taken directly from plant tis-
sues (oat coleoptiles), the growth promoting effect is re-
versed at a certain, specific higher concentration - water
permeability suddenly drops off sharply. This corroborates
the fact that the explanation given above for HA is valid
for all of these substances, namely, that they inhibit them-
selves, but to the extent that they form bonds with the
protoplasm, they promote water Intake, perhaps by displac-
ing auxin. It must at least hold true that here two count-
eracting processes overlap one anthere No Inhibiting ef-
fect is ever noted to occur when using Avena extract, but
that could be attributable to the fact VT it Is unfortu-
nately Impossible to use higher eonoentrationa.
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Abb. 4. Wirkua.aktvnwabsumr
doftdw Stoffo von veoholedoner K~omum.

trtuon; *flDitt4't Uro der Method.
vo, l DR \ 139.

(a) Fig, ~ Growth curves or growth factors In
varying concentrations; data taken using the Do Haan method;
(b) Bea, buckthorn berry extract; (c) Colohicine; (d) Phen-
ylac~tic acid; (o) Neteroauxin; (r) Concentrations

Amonlg typical Inhibitors# above all couaring par&-
sorbic acid and tomato extracts along with 4-hydroxycoulua-
rin and i'.rulic acid were tested. Cowuariri carries out a
clear Inhibitory action against water gptake in the range
or concentrations between 1O and 10Q> (Fig1 5). The
maximum efret occurs In the vicinity of 10-3; this concen-
tration sometimes lead. to permanent plasmolysis. At no
concentration does any reversal of action to a growth-pro-
moting effect take place. Parasorbic scld behavts similar-
ly, The greatest Inhibition Was observed at 10J while_
the effect disappeared at 10->. In concentrations of 10O2
the protoplasts are destroyed, The destruction thoughi,
takes place entirely differently than with HA, While with
HA the protoplastr dissolve and ran outs with parasorbic
acid, they burst, Instead. In strong concentrations tomato
extrat powerfually In~bts water Intake$ as do lO 4-hy
dromcawn wan * erali " acid*
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Abb. 6. Wlrkiunskurvon Yon Cumrin vrvehlodewth
K ,ntration; armitteot &se don Phumoly-edoten

, nach dor Meothod, vo'. KAczWARNK.

(a) Fig. -Curves showing effects of cownrin in
different concentrations; data represents deplasmolysis
times using the Kazzmarek method; (b) Percentage of cells
remaining plasmolysed; (o) Controls.

Common to all these Inhibitors Is the fact that they
decrease water permeability (Fig. 6). Unlike the above

mentioned growth factors, they never undergo any reversal
of their action, i.e., they do not promote water intake in
any concentration. They rather continue to increase in In-
hibitory power with increase in concentration until they
reach a certain maximum. Ethylene is a special case since
It very powerfully inhibits elongation, but increases water
permeability. Its greatest promotion ,of watpr perms bility
lies in the range of concentrations from 10-2 to 1O3j with
a maximum at 10-1. There is no concentration of ethylene
at which any decrease in water permeability occurs. ,We
found in earlier inwestigations that ethylene partially de-
activates auxin. IZ. is no wonder, then, that no growth oc-
cur# In spite of the observed increase in permeability.
The inhibition of growth together with thickening of the
organs presumably depend on the fact that inhibitors are
diffused throughout as a result of the increase in permea-
bility, there being no antagonist available to counteract
them.
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(a) Pig. 6 - Curves showing effects of grovth Inhi-
bitoas in different concontrations data taken using the
Do Haan method; (b) Ferulic acid; to) Coumarin; (d) 4-h-
doxyoouaarin; (e) Parasorbio acid; (f) Concentration.

Penicillin and 2, 4-dichlorphenoxyacetio acid have
no effect on water permeability.

Potassiul ohloridp was found to increase permeabili-
t- between 10 and 10-0, the i2*r ase becoming greaterl00cas oocentration diminished; 10' and 10-7 took no effect.
With the use of CaCl2, complicated zlationsh pa were pre-
sent, since in concentrations of 10 -1 and 10- ithe permea-
bility decreasel with only a slight inorease in concentra-
tion, while O promotes water intake; the effect disap-
pears at 10-4.

Tests carried out using various agents in oombina-
ties gave the following esalti: On mixing KC1 and CaC12
In the most prooting and most Inhibiting concentrations,respectively, their effets were practically eneelld out,
Since the Ca had a str~onger Inhibiting offst when tested
separately than the pr~omoting effet of K. the per~meabili-

ty promaoting effet gave evidence of preomenating.4. Also
when one combines promoting KC1 with Inhibiting 10" RA
concentrattoL. no simple summation takes place, but, in-
steado the promoting action takes a more powerful effect
than one would expect on the basis of calculations. The
same to true or c.ombinations of Inhibiting couaarin and

prIoting RA or auxin. The simutltaneouslyt applied substan-
a*@ work as antagnits# It to truo, but the prooting sub-stanco shows leoar doninanaeo Coneq~ntly one seies to



the opinion that both substances exert their action at the
same site and interfere with one another's mode of action
at that point. Simple summation of the effects would
speak in behalf of different sites of action for the dif-
ferent substances, as in such a case the separate prbcesses
could run their course without interfering with one another.
This aDpears to be true only of ethylene when one combines
this powerful permeability promoting substance with the
inhibiting 10-4 HA concentration. In this case there is
a pure summation and a cancelling out of both effects.
This will be understandable if one assumes that ethylene
on being uninhibited, continues to promote and that HA also
when not counteracted continues to inhibit, If. instead,
one combines ethylene with the promoting 1O, uA, no fur-
ther pure summation takes place, but instead there is only
a slightly increase4 total promotion. This would favor the
assumption that 10- HA's action consists in an activation
of auxin. When the experiments are carried out using sub-
stances in combination this cannot be brought out because
ethylene at least partially blocks the freed auxin. It
must therefore be emphasized that with our limited knowledge
of protoplasm structure, one must exercise the greatest
caution in attempting to explain the results of such com-
bined experiments. The opinions expressed herein in this
regard, therefore, must be taken as having value only as
speculation.

On the whole It was proven that when applied in phy-
siologi cally effective concentrations growth factors in-
crease the water permeability of protoplasm and growth Tn-
iUbitors decrease ts i water permeability. The rapid and
liberal water Intake of cells during elongation is made
possible directly by the growth factors while growth Inhi-
bitors act as antagonists and have a powerful braking ac-
tion on water intake. The rapid initiation of this effect
is clear evidence that it is a primar2 effect of said
growth factors and Inhibitors, which thus act first of all
as regulators of water permeability. It is clear that even
knowing this, the specific effect which auxin has on the
cell membrane during the changes which follow still remains
unexplalned. We nevertheless look upon this as an advance-
ment of know lze to have shown that these various substan-
ces operate u uamentally on the protopLa n not on the
cell wall. Thoof, too, t iat 1O-. to 1047HA destroys
the protoplasts seems to us to be important. Accordingly,
it should be assuaed tham z2Aij those effects which are to be
observed in applying such high concentrations represent in-
direct effects of the BA. The liberaticn of neorhorsones"

A-+



could be involved here, as Haberlandt has assumed to be

the case*
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